Objective: This study compares the patterns of quad-related fatal injuries between Australia and New Zealand (NZ).
I
nternationally, quads (often referred to as quad bikes, all-terrain vehicles or ATVs) are commonly used as recreational vehicles. However, in Australia and New Zealand (NZ) quads are predominantly used for agricultural work across varying farm terrains and for a range of work tasks. Quads have a high centre of gravity and short track width, resulting in a high propensity to lose stability and subsequently rollover, increasing the potential for serious or fatal injuries to riders and passengers. 1 Close to 80% of Australian and NZ farms own at least one quad that is used daily, mainly for transport, towing and mustering tasks. 2, 3 Recreational and work use often overlap, with 35% of NZ farmers reporting on-farm recreational use of their quad in addition to the main use of the quad for work purposes. 3 Quads are the leading cause of unintentional on-farm injury deaths in Australia and NZ. 4, 5 While formal vehicle registers of quads are unavailable, it is estimated there were about 190,000 in use in Australia and 80,000 quads in NZ during 2007-2015. 6, 7 Annually, in Australia, there are an estimated 14 quad-related fatalities: 10 on-farm and four off-farm. 8 Similarly, the best estimate is five on-farm quad fatalities in NZ per year. 9 Comparative figures for off-farm, recreational fatalities are unavailable in NZ. Each quadrelated fatality has a significant social and economic cost, conservatively estimated at an average of AUS$2.3 million per fatality. 10 Serious concerns have been raised internationally over the safety of quads, particularly over the stability and dynamic handling of these vehicles. 1 Recently, quad safety has come under increased scrutiny in both Australia and NZ, with multi-case coronial inquests held in both countries. [11] [12] [13] [14] A further multi-case coronial inquest is in progress in Tasmania, Australia. 15 There are many economic and social similarities between Australia and NZ, including the prevailing agricultural commodity sectors and the context and manner in which agricultural work is undertaken. This suggests that interventions to prevent quad fatalities may be directly transferrable to either country. A Heads of Workplace Safety Authorities (HWSA), which includes members of both Australian and NZ regulatory safety authorities, has been established and has developed a strategy to reduce fatal and serious non-fatal quadrelated injuries in both countries. Quad-related fatalities in NCIS were identified using one of the following search strategies: 1) using the object of injury; or 2) key word searches using combinations of the terms "ATV", "All Terrain Vehicle", "four wheel", "three wheel", ''bike'' , "quad" and "quad bike". Quad bikes were defined as motorised vehicles, either 2-or 4-wheel drive, operating on three or four low pressure tyres, with a saddle seat and handlebars for control. Patterns of socio-demographic characteristics were broadly similar between countries (Table 1) . Males accounted for the majority of fatalities: Australia 81%, NZ 69%. Farms were the most common setting (Australia 67%, NZ 61%) and just over half the fatalities were work-related (Australia 54%, NZ 56%).
While no statistically significant differences were apparent between countries, fatalities differed by age with 30% of Australian cases in the oldest age category compared to 3% There is no evidence of differences in load carrying and protracted time to find the fatally injured decedent between countries. Findings with regard to engine capacity are limited by the paucity of information in case files, and the small numbers limit the examination of potential differences. The month of incident differed between countries, with Australian fatalities more prevalent in summer (January-March, 40%) followed by fall (April-June, 25%); compared with NZ fatalities, which were prevalent in winter (July-September, 38%) and spring (October-December, 31%). When reported, presence of a slope was identified more often in NZ cases (70%). Meanwhile, Australian cases were less likely to be using a trailer at the time of the injury event, with no cases in Australia and five in NZ; and more likely to involve passengers, with three cases in Australia and one in NZ. Of the few passenger deaths, all were children aged ≤15 years.
Work-related fatalities
For both countries, all work-related incidents (Table 3 ) occurred on a farm and predominantly involved males, farmers and farm workers. Retirees were another notable group represented in Australian fatalities (23%).
The majority of work-related fatalities in NZ occurred while mustering stock (57%), with Australian fatalities spread across travelling (40%), mustering (32%) and spraying (28%) tasks.
Work-related fatalities tended to involve older workers in Australia, with close to half the fatalities in workers aged >65 years. In contrast, no fatalities occurred in this age group in NZ. Most Australian work-related fatalities occurred during summer (JanuaryMarch, 45%), while NZ fatalities mainly occurred in spring (October-December, 41%).
Discussion
This study compared the socio-demographic, injury, vehicle and environmental characteristics of 63 Australian and 32 NZ quad-related fatalities in the five-year period from 1 July 2007 to 30 June 2012. Similar rates and patterns of quad-related fatalities were found in both countries, with associated risk factors including: male gender, a head or thorax injury, incidents occurring on-farm, injury to vehicle operators and involving a rollover. Additionally, where reported, the use of helmets and of drugs and/or alcohol was infrequent. The risk factors identified in our study are commonly identified across other international studies examining fatal quad injuries. 20 Variations in the patterns of fatal injury between Australia and NZ centred on differences by age, terrain, the month of incident and the primary mechanism of injury (other than rollovers). These differences may reflect variations in the demographics, commodity mix and topography in the two countries.
Close to half the Australian work-related fatalities occurred in those aged over 65 years compared with no fatalities in this age group in NZ. Anecdotally, many retired farmers list their occupation as 'retired' but may still engage in unpaid work-related activities if they are living on a farm. The average age Previous studies have also identified that older farmers are at increased risk of quadrelated fatal injury. 23, 24 Reasons for an older Australian agricultural workforce may, in part, lie in stronger financial gains in the lucrative mining sector employment for younger workers in Australia. 25 Injury risk may increase for older people due to age-related declines in physical strength and balance, whichcombined with age-related comorbidities -may explain increased vulnerability to death due to injury with increasing age. 26, 27 NZ contains a greater proportion of sloped terrain than Australia, with this most likely explaining the preponderance of fatal injuries involving a slope. However, information on terrain, including slope, was often not reported in coronial case files, nor collected in a manner that allowed for ready categorisation for analysis, hence these findings should be treated with some caution.
The predominant agricultural activities in NZ are dairy farming and sheep production, both of which are labour intensive in winter-spring and involve the use of quads for animal husbandry and mustering activities. This likely explains the over-representation of fatalities in the July-December period in NZ. 7 In addition, NZ farmers typically use quads to pull trailers to deliver feed or to transport calves/lambs, with the loads accentuating the potential for rollover incidents. 1 Despite some subtle differences in the primary mechanism of fatal injury, quad rollovers are of primary concern in both countries. Indeed, the instability of quads is a major issue internationally, as the current US Standard on which the overwhelming majority are manufactured does not include a lateral stability requirement. 28 This lack of a lateral stability requirement and "proneness to rollover" 13 leads to elevated numbers of rollovers and accompanying crush injury and asphyxiation, as identified in this study and internationally. 29 Compounding this vehicle design flaw, common farm practices such as carrying passengers and loads contribute significantly to the instability of the quad, even at low speeds, increasing risk of fatal injury. 1, 7, 30 It is common for farmers to work alone. If an incident occurs, they are often found only after a protracted period, thereby minimising opportunities for timely removal of the quad to avoid asphyxia/crush injury and for medical treatment to be provided. Previous work has identified having someone witness a quad rollover protects against a fatal event. 30 Our measure of protracted time to find/rescue (>1 hr from time of incident) is conservative, as others have assessed the potential of asphyxia over a period of five minutes. 31 Nonetheless, around half of all cases in both countries exceeded the criteria, with this being even higher (more than 60%) for workrelated incidents. These data reinforce the need to address the design of quads and the high propensity for rollover.
Overall, our study indicates that the characteristics of quad-related fatalities are broadly comparable between Australia and NZ, with few exceptions. Furthermore, similar external cause of death patterns involving: rollovers; crush injuries to the head and thorax; males; and no helmet use, are also predominant in the United States and Canadian data. 20, 29 Although fatality patterns in North America are more strongly centred on recreational use 31 in Australia and NZ, farms remained the most common location of fatal injury, even for recreational fatalities. This emphasises the importance of farms as a setting for injury prevention strategies in Australasia.
To manage risks, interventions have typically centred on lower-order risk controls, such as rider training, vehicle maintenance and the use of personal protective equipment. 9, 32 Recent coronial investigations of quadrelated fatalities have highlighted the limited capacity of these low-order safety approaches to effectively induce change. 9, 24, 33 While safety education is necessary for promoting safe behaviour, knowledge is often insufficient for moving individuals to the practice of safe behaviours. 34 Solely focusing on Rebates for installation of rollover protective structures have been effective at reducing fatal injury from tractor rollovers. 43 Improvements in vehicle design and consequential reductions in road sector trauma have been driven by consumer demands. An Australian Star Rating System for quads, which provides consumers with easy-to-understand information on rollover stability, dynamic handling and crashworthiness, has been proposed. 26 Higher star ratings reflect greater stability and handling, as well as the provision of rollover protection and ejection containment during a crash. 31 This system should be adopted by both countries as a first harmonised step towards providing an incentive for manufacturers to produce safer quads.
Beyond improved higher-order engineering controls, our data also indicates interventions addressing the poor use of helmets, alcohol use in the recreational context and drug use in the work context should be considered part of any comprehensive strategy to reduce the total burden of quad-related injury in both countries. Helmet use, for example, has been demonstrated to reduce injury severity in riders of quads so prevention strategies and policies to increase helmet use would have clear benefits. 44 This is the first comparative study analysing patterns of quad-related fatal injury across Australia and NZ. This comparison was made possible by the inclusion of both countries' coronial case files on NCIS. Coronial case files provide the most complete and detailed source of data for quad safety policy and action in Australia and NZ and are a strength of this study. Our findings provide further support to the importance of conducting cross-country comparisons when considering the development of injury prevention efforts. In countries with comparatively small markets for quad sales, such a collective case analysis provides stronger insight into these fatalities and effective preventive options. 
Conclusion and implications
Quad-related fatalities are a pressing safety concern in both Australia and NZ. Our cross-country comparison found many commonalities in the factors associated with these injuries. Differences in patterns of quad-related fatal injury could be attributed to differing agricultural commodity mix, demographics and topography. However, these differences are not sufficient to warrant divergent injury prevention strategies. Harmonised injury prevention efforts to address the common patterns of quadrelated fatal injury in Australian and NZ should be continued and must consider higher-order elimination and substitution approaches, alongside lower-order behaviour interventions, in line with legislation and the hierarchy of controls. Regular comparisons of quad-related fatalities between countries could serve as a further benchmark of safety performance.
